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TITLE OF THE INVENTION 



SUBSTRATE PROCESSING APPARATUS 



BACKGROUND OF THE INVENTION 



Field of the Invention 



[0001] 



The present invention relates to substrate 



processing apparatuses used for processing a substrate such 
as a wafer. Substrate processing apparatuses are suitable 
for use as projection exposure apparatuses in which an 
exposure process for a wafer is performed step-by- step by 
projecting a reticle pattern onto the wafer at a reduced 
size. 

Description of the Related Art 

[0002] Various methods for aligning a mask, such as a 
reticle, and a substrate to be exposed, such as a wafer, in 
a projection exposure apparatus have been suggested. 
Generally, two typical aligning methods are known in the 
art: off -axis global alignment (hereinafter abbreviated as 
OAAA), and through- the- lens die-by-die alignment 
(hereinafter abbreviated as TTLAA) . 

[0003] In OAAA, the positions of a plurality of alignment 
marks formed on a single wafer are determined by an optical 
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system other than a projection optical system. The wafer is 
moved in steps of a "predetermined distance" by using the 
alignment marks as a reference, and the areas corresponding 
to chips are exposed step-by- step. The "predetermined 
distance" is the interval between the chips on the wafer 
obtained on the basis of the alignment marks, and it is 
determined in advance in accordance with the pattern to be 
formed. Normally, a first shot position relative to the 
alignment marks, a second shot position relative to the 



1Q;: first shot position, a third shot position relative to the 
second shot position, and so on, are determined in advance, 
and the interval between the shots is determined to be the 
"predetermined distance". In OAAA, the number of times the 
alignment is performed for a single wafer is small, so the 
15 alignment time is short and the exposure process of the 

wafer can be quickly performed. However, in a semiconductor 
manufacturing process, the positions of the chips relative 
to the alignment marks and intervals between the chips may 
be changed on the submicron scale. In such a case, the 
20 positional errors cannot be corrected in OAAA. In contrast, 

in TTLAA, the reticle and the wafer are aligned before each 
shot by using the projection optical system. Thus, the 
above -described disadvantage of the OAAA can be overcome by 
the TTLAA. However, since the alignment is performed before 
25 each shot, the alignment time is long and throughput of the 
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exposure apparatus is reduced. 

[0004] In order to solve the above-described problems 
regarding the aligning methods, a substrate processing 
apparatus has been suggested in, for example. United States 
5 Patent No. 5,715,064. This substrate processing apparatus 

will be described below with reference to Fig. 1. In Fig. 1, 
M> reference numeral 111 denotes an exposure processing unit, 
Q and 121 denotes a substrate measurement unit in which 

alignment is performed. In the substrate measurement unit 
iqs 121, reference numeral 101 denotes an off -axis alignment 
optical system, 102a denotes a wafer, and 103a denotes a 
wafer chuck which retains the wafer 103a by air suction. In 
the exposure processing unit 111, reference numeral 105 
denotes a projection exposure system which projects the 

7. :: .C- 

15 pattern of a reticle 106 onto a wafer 102b, 107 denotes a 

TTL alignment optical system, and 108 denotes an 
illumination optical system. In addition, reference numeral 
109 denotes a central processing unit and 110 denotes hoses 
used for air suction. In the substrate measurement unit 121, 

20 the above -described "predetermined distance", that is, the 

distance, by which the wafer 102a placed on the wafer chuck 
103a is moved before each shot, is measured. After the 
measurement, the wafer 102a is transferred to the exposure 
processing unit 111. The substrate processing apparatus 

25 includes at least two identical stages 104a and 104b. The 
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stages 104a and 104b support the wafer chucks 103a and 103b, 
respectively, and move between the substrate measurement 
unit 121 and the exposure processing unit 111. The example 
of the known art discloses a method for measuring the 
positions of the stages 104a and 104b. More specifically, 
as shown in Fig. 1, two interferometers 140a and 140b are 
disposed in a direction in which the substrate measurement 
unit 121 and the exposure processing unit 111 are aligned. 
[0005] With regard to the above -described example of the 
known art, the inventors have recognized the necessity for 
considering different situations and dealing with each 
situation individually. 

[0006] (1) A case is considered in which a series of 
processes including wafer supply, measurement, exposure, and 
wafer removal are performed while a plurality of stages are 
being rotated between the substrate measurement unit and the 
exposure processing unit. In this case, a situation may 
occur in which laser beams cannot be radiated on the stages 
while the stages are aligned in a direction perpendicular to 
the direction in which the substrate measurement unit and 
the exposure processing unit are aligned (that is, the 
direction perpendicular to the page). If such a situation 
occurs, it becomes difficult to measure the positions of the 
stages while the stages are passing each other. 
[0007] (2) The stages are provided with hoses for air 
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suction and wires for sensors. Thus, when the stages are 
rotated between the substrate measurement unit while 
dragging the hoses and wires, a situation may occur in which 
the hoses and wires become tangled. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, it is an object of the present 
invention to individually deal with a variety of conceivable 



105 situations regarding substrate processing apparatuses 

including a plurality of stages and to provide the most 



suitable substrate processing apparatus for each situation. 
[0009] More specifically, an object of the present 
m invention is to provide a high-accuracy substrate processing 
15 apparatus in which the positions of, for example, two stages 

are constantly measured with high accuracy. In addition, 
another object of the present invention is to provide a 
high-speed, high-accuracy substrate processing apparatus in 
which hoses and wires are prevented from becoming tangled. 
20 [0010] Further objects, features and advantages of the 

present invention will become apparent from the following 
description of the preferred embodiments with reference to 
the attached drawings. 
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[0011] Fig. 1 is a schematic diagram showing a substrate 
processing apparatus of the known art. 

[0012] Fig. 2A is a perspective view of a substrate 
5 processing apparatus according to a first embodiment of the 

present invention . 
y> [0013] Fig. 2B is a perspective view of a substrate 
Q processing apparatus according to a modification of the 
p first embodiment. 
1QJ [0014] Figs. 3A to 3D are plan views showing a method for 

selecting laser beams according to the first embodiment of 
ly the present invention. 

m [0015] Figs. 4A to 4D are plan views showing a method for 
SI selecting laser beams according to a second embodiment of 
15 the present invention. 

[0016] Figs. 5A to 5D are plan views showing a method for 
selecting laser beams according to a third embodiment of the 
present invention . 

[0017] Figs. 6A to 6D are plan views showing a method for 
20 selecting laser beams according to a fourth embodiment of 

the present invention. 

[0018] Fig. 7 is a schematic diagram of a semiconductor 
device production system including an apparatus according to 
the present invention. 
25 [0019] Fig. 8 is a schematic diagram of the semiconductor 
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device production system including an apparatus according to 

the present invention as seen from another point of view. 

[0020] Fig. 9 is a schematic diagram showing an example 

of a user interface. 
5 [0021] Fig. 10 is a flowchart showing processes for 

manufacturing a device, 
p [0022] Fig. 11 is a flowchart showing a wafer process. 

r S=r.f 

r% 

y. DESCRIPTION OF THE PREFERRED EMBODIMENTS 

t» First Embodiment 

W 
h t 

%i [0023] Fig. 2A shows a substrate processing apparatus 

•i i 
■kscr 

Jfj according to a first embodiment of the present invention. 
W In the first embodiment, the substrate is a wafer, and the 

15 process is to transfer a predetermined pattern onto the 

wafer. In Fig. 2A, reference numeral 1 denotes an off -axis 
alignment optical system. In the alignment optical system 1, 
in order to accurately transfer a new pattern onto a pattern 
that is already formed on the wafer, the position of the old 

20 pattern is measured. Reference numeral 5 denotes a 

projection optical system by which the pattern is 
transferred onto the wafer. As shown in Fig. 2A, the axis 
passing through the alignment optical system 1 and the 
projection optical system 5 is defined as the y axis, and 

25 the axis perpendicular to the y axis in the horizontal plane 



is defined as the x axis. In addition, the axis 
perpendicular to the x and y axes is defined as the z axis . 

Construction of the Stages 

[0024] Reference numerals 2a and 2b denote wafers, and 4a 
and 4b denote two wafer stages which are almost identical. 
The wafer stages 4a and 4b are able to support the wafers 2a 
and 2b, respectively, via chucking mechanisms and move them 
in the xy plane. In addition, the wafer stages 4a and 4b 
are able to move between the area of the alignment optical 
system 1 and the area of the projection optical system 5. 
Reference numerals 10a and 10b denote hose/wire units 
including hoses if air suction is utilized in the chucking 
mechanisms for retaining the wafers 2a and 2b, electric 
wires if electrostatic force is utilized in the chucking 
mechanisms, and wires of a measuring device which measures 
the uniformity of illumination intensity, etc. 
[0025] The wafer stages 4a and 4b are moved in the xy 
plane by two-dimensional driving mechanisms 50a and 50b, 
which are articulated robots in the construction shown in 
Fig. 2A. From the viewpoint of physical constraint of the 
two-dimensional driving mechanisms, the wafer stages 4a and 
4b cannot continuously rotate in one direction. Accordingly, 
the wire/hose units 10a and 10b of the wafer stages 4a and 
4b never become tangled. 



[0026] In the present embodiment, the two-dimensional 
driving mechanisms are not limited to the articulated robots 
for example, as shown in Fig. 2B, a surface motor 51 may 
also be used as the two-dimensional driving mechanism. In 
such a case, the wafer stages 4a and 4b can be moved at a 
high speed, with high accuracy. Any kind of two-dimensional 
driving mechanism may be applied as long as a plurality of 
wafer stages 4a and 4b can be moved between the alignment 
area and the exposure area. 

[0027] According to the construction of the two- 
dimensional driving mechanism shown in Fig. 2B, the wafer 
stages 4a and 4b are able to continuously rotate in one 
direction. In such a case, however, the wire/hose units 10a 
and 10b will become tangled. Accordingly, even when the 
two-dimensional driving mechanism is constructed such that 
the wafer stages 4a and 4b are able to continuously rotate 
in one direction, it is preferable that they do not 
continuously rotate in one direction. A state in which the 
wafer stage 4b is in the area of the alignment optical 
system 1 and the wafer stage 4a is in the area of the 
projection optical system 5, as shown in Figs. 2A and 2B, is 
defined as a first state, and a state in which the wafer 
stage 4b is in the area of the projection optical system 5 
and the wafer stage 4a is in the area of the alignment 
optical system 1 is defined as a second state. When the 



- 10 - 



first state is changed to the second state, the wafer stages 
4a and 4b rotate counterclockwise as seen from top. Then, 
when the second state is changed to a third state (the third 
state is the same as the first state), the wafer stages 4a 
and 4b rotate clockwise, so that the wafer stage 4b moves 
toward the alignment optical system 1 and the wafer stage 4a 
moves toward the projection optical system 5. The above- 
described clockwise and counterclockwise rotations are 
alternatively performed. 

[0028] In other words, every time the positions of the 
two wafer stages 4a and 4b are switched (e.g., every time 
the two wafer stages 4a and 4b are aligned in the x 
direction), the order in which the first and second 
substrate stages are aligned in the x direction (the 
positional relationship thereof) is the same. For example, 
the wafer stage 4b is always at the positive side (right 
side) of the wafer stage 4a in the x direction. 
[0029] The wire/hose units 10a and 10b connected to the 
two wafer stages 4a and 4b, which move as described above, 
are preferably disposed at point -symmetric positions across 
the two stages. Reference numeral 60 denotes a hand which 
supplies and removes the wafers to/from the wafer stages 4a 
and 4b. 
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Position measurement of the stages 

[0030] The positions of the wafer stages 4a and 4b in the 
xy plane are measured by using interferometers and 
reflection mirrors fixed to the wafer stages 4a and 4b. The 

5 reflection mirrors are fixed on four sides of the wafer 

stage 4a and three sides of the wafer stage 4b, and laser 

53 beams are selectively radiated on the reflection mirrors. 

*j The laser beams reflected by the reflection mirrors and 

^ reference beams are caused to be interfered with one another 
1# in the interferometers, so that accurate positions can be 

P obtained. 

O [0031] In order to measure the position of the wafer 

Iff 

O stage 4a disposed at the projection optical system 5, which 

n % 

constructs the processing system, an x-interf erometer 40xa 
15 for the measurement in the x direction, a y-interf erometer 

40ya for the measurement in the y direction, and another y- 
interf erometer 42ya for measuring the rotational position 
around the z axis are disposed at the left side in Fig. 2A. 
In addition, in order to measure the position of the wafer 
20 stage 4b disposed at the alignment optical system 1, an x- 

interf erometer 40xb for the measurement in the x direction, 
a y-interf erometer 40yb for the measurement in the y 
direction, and another y-interf erometer 42ya for measuring 
the rotational position around the z axis are disposed at 
25 the right side in Fig. 2A. 
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[0032] In the case in which the required accuracy of the 
rotational position around the z axis is not very high, the 
y- interferometers 42ya and 42yb can be omitted. In addition, 
in the case in which the rotational positions around the x 
and y axes must also be measured with high accuracy, 
commercial angle interferometers or three-axis 
interferometers may also be disposed in place of the x- 
interf erometers 40xa, 40xb, 40xc, and 40xd and the y- 
interferometers 40ya, 40yb, and 40yc. 

[0033] Fig. 2A shows a state in which the exposure 
process of the wafer 2a, which is placed on the wafer stage 
4a and which has already undergone the measurement process, 
is being performed in the projection optical system 5. In 
addition, at the same time, the position of a pattern, 
flatness, etc., of the wafer 2b placed on the wafer stage 4b 
is measured in the alignment optical system 1 . In 
descriptions hereof, a state in which "the wafer stage is in 
the area of the alignment optical system" refers to a state 
in which the wafer stage is at a position such that the 
pattern of a wafer placed on the wafer stage can be measured 
in the alignment optical system. In addition, a state in 
which "the wafer stage is in the area of the projection 
optical system" refers to a state in which the wafer stage 
is at a position such that the exposure process of a wafer 
placed on the wafer stage can be performed. 
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[0034] In order for the exposure process of the wafer 2b 
to start quickly at the projection optical system 5 after 
the measurement process at the alignment optical system 1, 
the wafer 2b is preferably moved to the projection optical 
system 5 with high accuracy. Therefore, the position of the 
wafer 2b must be continuously monitored by the laser 
interferometers. More specifically, the laser beams 
selectively radiated on the reflection mirrors must always 
return to the interferometers. The y- interferometer 40yc 
and the x- interferometers 40xc and 40xd shown in Fig. 2A are 
used for the position measurement while the stages are moved, 
[0035] Next, a method for selecting laser beams will be 
described with reference to Figs. 3A to 3D. 
[0036] Figs. 3A to 3D are plan views showing the 
arrangement of the two wafer stages 4a and 4b and the 
measurement systems. Reference numeral 1 denotes the 
alignment optical system and reference numeral 5 denotes the 
projection optical system. 

[0037] In Fig. 3A, the wafer 2a placed on the wafer stage 
4a is being subjected to the exposure process, and the 
position of the pattern of the wafer 2b placed on the wafer 
stage 4b is being measured in the alignment optical system 1 
Accordingly, in Fig. 3A, the wafer stage 4a is in the area 
of the projection optical system 5 and the wafer stage 4b is 
in the area of the alignment optical system 1 . 
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[0038] In Fig. 3D, the wafer stage 4b is in the area of 
the projection optical system 5. In addition, the wafer 
stage 4a is at a position such that the wafer, which has 
already undergone the exposure process, can be taken out by 
the hand 60 and a new wafer which is to be subjected to the 
exposure process can be supplied by the hand 60. In Fig. 3D, 
after the wafer stage 4a has received the new wafer, it 
moves to the area of the alignment optical system 1 . 
[0039] Figs. 3B and 3C show ways in which the positions 
of the wafer stages 4a and 4b are measured while the wafer 
stages 4a and 4b are moved from the state shown in Fig. 3A 
to the state shown in Fig. 3B. 

[0040] In Figs. 3A to 3D, the x- interferometers 40xa to 
40xc are disposed at the right side of the wafer stages 4a 
and 4b. The three x- interferometers 40xa to 40xc are 
aligned in the y direction with a gap smaller than the 
length of an x-ref lection mirror 45xra. In addition, the x- 
interf erometer 40xd is disposed at the opposite side across 
the wafer stages 4a and 4b in such a manner that the x- 
interf erometer 40xd opposes the x- interferometer 40xc. 
Similarly, a pair of y- interferometers 40ya and 42ya and 
another pair of y-interf erometers 40yc and 42yc are disposed 
at the upper side of the wafer stages 4a and 4b in the 
figures. The two pairs of y-interf erometers are aligned in 
the x direction in such a manner that the gap therebetween 



is smaller than the length of a y-ref lection mirror 45yua. 
In addition, a pair of y- interferometers 40yb and 42yb are 
disposed at the opposite side across the wafer stages 4a and 
4b in such a manner that the y- interferometers 40yb and 42yb 
oppose the y- interferometers 40ya and 42ya. The x- 
interf erometers 40xa to 40xc are not necessarily arranged 
with a constant interval. 

[0041] In Fig. 3A, the position of the wafer stage 4a in 
the x direction is measured by the x- interferometer 40xa by 
causing a laser beam radiated on and reflected by the x- 
ref lection mirror 45xra in a direction approximately 
perpendicular thereto to interfere with a laser beam 
reflected by a fixed mirror. In Figs. 3A to 3D, 
interferometers used for the position measurement are 
indicated by slanting lines. In addition, the position of 
the wafer stage 4a in the y direction and the rotational 
position thereof around the z axis (hereinafter shown by 8) 
are measured by the y- interferometers 40ya and 42ya by 
causing laser beams 41ya and 43ya radiated on and reflected 
by the y-reflection mirror 45yua in a direction 
approximately perpendicular thereto to interfere with a 
laser beam reflected by a fixed mirror. 

[0042] In addition, the position of the wafer stage 4b in 
the x direction is measured by the x-interf erometer 40xb by 
causing a laser beam radiated on and reflected by the x- 
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reflection mirror 45xrb in a direction approximately 
perpendicular thereto to interfere with a laser beam 
reflected by a fixed mirror. In addition, the position in 
the y direction and rotation 9 of the wafer stage 4b are 
measured by the y- interferometers 40yb and 42yb by causing 
laser beams 41yb and 43yb radiated on and reflected by the 
y-reflection mirror 45ydb in a direction approximately 
perpendicular thereto to interfere with a laser beam 
reflected by a fixed mirror. 

[0043] Then, as shown in Fig. 3B, while the wafer stages 
4a and 4b rotate counterclockwise (the wafer stage 4b moves 
toward the upper right and the wafer stage 4a moves toward 
the lower left), the x- interferometer that measures the 
position of the wafer stage 4b in the x direction is changed 
from the x-interf erometer 40xb to the x-interf erometer 40xc. 
In addition, the position in the y direction and rotation 0 
of the wafer stage 4b are measured by the y- interferometers 
40yb and 42yb by causing laser beams 41yb and 43yb radiated 
on and reflected by the y-reflection mirror 45ydb in a 
direction approximately perpendicular thereto to interfere 
with a laser beam reflected by a fixed mirror. 
[0044] In addition, with respect to the wafer stage 4a, 
the x-interf erometer that measures the position thereof in 
the x direction is changed from the x-interf erometer 40xa to 
the x-interf erometer 40xc. In addition, the position in the 



- 17 - 



y direction and rotation 8 are measured by the y- 



interf erometers 40yc and 42yc by causing laser beams 



radiated on and reflected by the y-reflection mirror 45yua 



in a direction approximately perpendicular thereto to 



5 interfere with a laser beam reflected by a fixed mirror. 



[0045] Then, as shown in Fig. 3C, while the wafer stages 



JJJ 4a and 4b further rotate counterclockwise (the wafer stage 

Has? 
#=«=: 

4a moves downward and the wafer stage 4b moves upward) , the 

f~ x- interferometer that measures the position of the wafer 

1(F stage 4b in the x direction is changed from the x- 

* interferometer 40xc to the x- interferometer 40xa. In 

W addition, the y-interf erometers that measure the position in 

w 

111 the y direction and rotation 0 of the wafer stage 4b are 

flj changed to the y-interf erometers 40ya and 42ya, which cause 



15 the laser beams radiated on and reflected by the y- 



ref lection mirror 45yub in a direction approximately 



perpendicular thereto to interfere with a laser beam 



reflected by a fixed mirror. 



[0046] In addition, with respect to the wafer stage 4a, 



20 the x- interferometer that measures the position thereof in 



the x direction is changed from the x-interf erometer 40xd to 



the x-interf erometer 40xb. In addition, the position in the 



y direction and rotation 9 are measured by the y- 



interf erometers 40yc and 42yc by causing laser beams 



25 radiated on and reflected by the y-reflection mirror 45yua 
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in a direction approximately perpendicular thereto to 
interfere with a laser beam reflected by a fixed mirror. 
[0047] Then, in the state shown in Fig. 3D, the wafer 2b 
placed on the wafer stage 4b is subjected to the exposure 
5 process in the projection optical system 5. At the same 

time, the wafer 2a, which is placed on the wafer stage 4a 
and which has already undergone the exposure process, is 
taken out by the hand 60, and a new wafer is supplied to the 

C3 

^ wafer stage 4a. Then, the position of the pattern of the 
l&J new wafer is measured in the alignment optical system 1. 
y3 Although not shown in the figure, when the position of the 
0 pattern is measured, the y- interferometers that measure the 
p position in the y direction and rotation 0 of the wafer 
p stage 4a are changed to the y- interferometers 40yb and 42yb, 
15 which cause laser beams radiated on and reflected by the y- 

ref lection mirror 45yda in a direction approximately 
perpendicular thereto to interfere with a laser beam 
reflected by a fixed mirror. 

[0048] Then, in the subsequent processes, the wafer 
20 stages 4a and 4b are moved clockwise in the reverse order 

(Fig. 3D Fig. 3C -> Fig. 3B -> Fig. 3A) . Accordingly, 
counterclockwise and clockwise rotations are alternately 
performed. The reason the counterclockwise rotation (Fig. 
3A -» Fig. 3B -* Fig. 3C Fig. 3D) is not continuously 
25 performed is to prevent the wire/hose units from becoming 



**** 
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tangled. 

[0049] According to the above -described processes, the 
positions of the two wafer stages can always be determined 
with high accuracy by selectively radiating the laser beams. 
In addition, the wire/hose units can be prevented from 
becoming tangled. 



Second Embodiment 

[0050] Figs. 4A to 4D are plan views showing the 
101 arrangement of the two wafer stages 4a and 4b and 
p measurement systems according to a second embodiment. 
O [0051] Reflection mirrors are fixed on three sides of 



V% each of the wafer stages 4a and 4b, and laser beams are 

n \ 

selectively radiated on the reflection mirrors. The laser 
15 beams reflected by the reflection mirrors and reference 

beams are caused to interfere with one another in 
interferometers, so that accurate positions of the wafer 
stages 4a and 4b in the xy plane can be obtained. In the 
second embodiment, y- interferometers are arranged similarly 
20 to the first embodiment. However, x- interferometers are 

arranged differently from the first embodiment, and x- 
interf erometers 44xa and 40xa for the position measurement 
in the projection optical system 5, x-interf erometers 44xb 
and 40xb for the position measurement in the alignment 
25 optical system 1, and x-interf erometers 44xc and 40xc for 
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the position measurement in the middle area are provided. 
Accordingly, six x- interferometers in total are arranged. 
[0052] In Figs. 4A to 4D, the x- interferometers 40xa to 
40xc disposed at the right side oppose the x-interf erometers 
44xa to 44xc, respectively, which are disposed at the left 
side. The x-interf erometers 40xa to 40xc and the x- 
interf erometers 44xa to 44xc are aligned in the y direction 
© with a constant interval that is smaller than the lengths of 

HO the x-ref lection mirrors 45xla and 45xrb. However, the x- 

fi 

lb" interferometers 40xa to 40xc and 44xa to 44xc are not 
& necessarily arranged with a constant interval. 
O [0053] The operations of position measurement and 

processing will be described below with reference to Figs. 



si** 

O 4A to 4D. Since the position measurement in the y direction 
15 is similar to that in the first embodiment, explanations 

thereof are omitted. 

[0054] In Fig. 4A, the position of the wafer stage 4a in 
the x direction is measured by the x-interf erometer 44xa by 
causing a laser beam radiated on and reflected by the x- 
20 reflection mirror 45xla in a direction approximately 

perpendicular thereto to interfere with a laser beam 
reflected by a fixed mirror. 

[0055] In addition, the position of the wafer stage 4b in 
the x direction is measured by the x-interf erometer 40xb by 
25 causing a laser beam radiated on and reflected by the x- 
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reflection mirror 45xrb in a direction approximately 
perpendicular thereto to interfere with a laser beam 
reflected by a fixed mirror. 

[0056] Then, as shown in Fig. 4B, while the wafer stages 
4a and 4b rotate counterclockwise (the wafer stage 4b moves 
toward the right and the wafer stage 4a moves toward the 
lower left), the position of the wafer stage 4b in the x 
% direction is continuously measured by the x- interferometer 
40xb. In addition, the position of the wafer stage 4a in 
1# the x direction is continuously measured by the x- 
^ interferometer 44xa. 

W [0057] Then, as shown in Fig. 4C, while the wafer stages 

w 

111 4a and 4b further rotate counterclockwise (the wafer stage 
fU 4a moves downward and the wafer stage 4b moves upward) , the 

15 x- interferometer that measures the position of the wafer 

stage 4b in the x direction is changed from the x- 
interferometer 40xb to the x- interferometer 40xc. In 
addition, the x- interferometer that measures the position of 
the wafer stage 4a in the x direction is changed from the x- 

20 interferometer 44xa to the x- interferometer 44xc. 

[0058] Then, in the state shown in Fig. 4D, the x- 
interf erometer that measures the position of the wafer stage 
4b in the x direction is changed from the x- interferometer 
40xc to the x- interferometer 40xa. The wafer 2b placed on 

25 the wafer stage 4b is subjected to the exposure process in 



the projection optical system 5. At the same time, the 
wafer 2a, which is placed on the wafer stage 4a and which 
has already undergone the exposure process, is taken out by 
the hand 60, and a new wafer is supplied to the wafer stage 
4a. Then, the position of the pattern of the new wafer is 
measured in the alignment optical system 1. The x- 
interf erometer that measures the position of the wafer stage 
4a in the x direction is changed from the x- interferometer 
44xc to the x- interferometer 44xb. Although not shown in 
the figure, when the position of the pattern is measured, 
the y- interferometers that measure the position in the y 
direction and rotation 6 of the wafer stage 4a are changed 
to the y- interferometers 40yb and 42yb, which cause laser 
beams radiated on and reflected by the y-reflection mirror 
45yda in a direction approximately perpendicular thereto to 
interfere with a laser beam reflected by a fixed mirror. 
[0059] Then, in the subsequent processes, the wafer 
stages 4a and 4b are moved clockwise in the reverse order 
(Fig. 4D -» Fig. 4C -» Fig. 4B -» Fig. 4A) . Accordingly, 
counterclockwise and clockwise rotations are alternately 
performed. The reason the counterclockwise rotation (Fig. 
4A -> Fig. 4B -» Fig. 4C -» Fig. 4D) is not continuously 
performed is to prevent the wire/hose units from becoming 
tangled. 

[0060] According to the present embodiment, only three 
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sides of each wafer stage are provided with mirrors, and the 
mirrors are disposed at symmetric positions. Accordingly, 
semiconductor devices can be manufactured with high 
reliability. 

5 

Third Embodiment 

¥k [0061] Figs. 5A to 5D are plan views showing a third 

P 

l :f embodiment of the present invention. 

is a 

P [0062] Reflection mirrors are fixed on three siides of 
IcF each of the wafer stages 4a and 4b, and laser beams are 

selectively radiated on the reflection mirrors. The laser 
beams reflected by the reflection mirrors and reference 
beams are caused to interfere with one another in 
interferometers, so that accurate positions of the wafer 
15 stages 4a and 4b in the xy plane can be obtained. As shown 

in these figures, x-ref lection mirrors 55xla and 55xrb are 
long enough to protrude beyond the wafer stages 4a and 4b, 
respectively, in the y direction. 

[0063] In the third embodiment, y- interferometers are 
20 arranged similarly to the first embodiment. With respect to 

the x-interferometers, x- interferometers 44xa and 40xa for 
the position measurement in the projection optical system 5 
are disposed such that the x-interferometers 44xa and 40xa 
oppose each other, and x-interferometers 44xb and 40xb for 
25 the position measurement in the alignment optical system 1 
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are disposed such that the x- interferometers 44xb and 40xb 

oppose each other. The x- interferometers 40xa and 40xb and 

the x- interferometers 44xa and 44xb are aligned in the y 

direction with gaps smaller than the lengths of the x- 

5 reflection mirrors 55xla and 55xrb. 

[0064] In the third embodiment, the x-ref lection mirrors 

1^ 55xla and 55xrb are sufficiently long so that there is a 

H region in which both the interferometer for the position 

% measurement in the projection optical system 5 and the 

10« interferometer for the position measurement in the alignment 

P optical system 1 can be used (Fig. 5B for the wafer stage 4b 

H and Fig. 5C for the wafer stage 4a). The operations of 
lr im- 
position measurement and processing will be described below 

0 with reference to Figs. 5A to 5D. Since the position 

15 measurement in the y direction is similar to that in the 

first embodiment, explanations thereof are omitted. 

[0065] In Fig. 5A, the position of the wafer stage 4a in 

the x direction is measured by the x- interferometer 44xa by 

causing a laser beam radiated on and reflected by the x- 

20 reflection mirror 55xla in a direction approximately 

perpendicular thereto to interfere with a laser beam 

reflected by a fixed mirror. 

[0066] In addition, the position of the wafer stage 4b in 
the x direction is measured by the x- interferometer 40xb by 
25 causing a laser beam radiated on and reflected by the x- 
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reflection mirror 55xrb in a direction approximately 
perpendicular thereto to interfere with a laser beam 
reflected by a fixed mirror. 

[0067] Then, as shown in Fig. 5B, while the wafer stages 
4a and 4b rotate counterclockwise (the wafer stage 4b moves 
toward the upper right and the wafer stage 4a moves toward 
the lower left), the x- interferometer that measures the 
*2! position of the wafer stage 4b in the x direction is changed 
from the x- interferometer 40xb to the x-interf erometer 40xa. 
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1# The position of the wafer stage 4a in the x direction is 

W 

s continuously measured by the x- interferometer 44xa. 
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[0068] Then, as shown in Fig. 5C, while the wafer stages 
4a and 4b further rotate counterclockwise (the wafer stage 
pj 4a moves downward and the wafer stage 4b moves upward) , the 
15 position of the wafer stage 4b in the x direction is 

continuously measured by the x-interf erometer 40xa. The x- 
interf erometer that measures the position of the wafer stage 
4a in the x direction is changed from the x-interf erometer 
44xa to the x-interf erometer 44xb. 
20 [0069] Then, in the state shown in Fig. 5D, the position 

of the wafer stage 4b in the x direction is continuously 
measured by the x-interf erometer 40xa. The wafer 2b placed 
on the wafer stage 4b is subjected to the exposure process 
in the projection optical system 5. At the same time, the 
25 wafer 2a, which is placed on the wafer stage 4a and which 
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has already undergone the exposure process, is taken out by 
the hand 60, and a new wafer is supplied to the wafer stage 
4a. Then, the position of the pattern of the new wafer is 
measured in the alignment optical system 1. The position of 
the wafer stage 4a in the x direction is continuously 
measured by the x- interferometer 44xb. When the position of 
the pattern is measured, the y- interferometers that measure 
the position in the y direction and rotation 0 of the wafer 
stage 4a are changed to the y-interf erometers 40yb and 42yb, 
which cause laser beams radiated on and reflected by the y- 
ref lection mirror 45yda in a direction approximately 
perpendicular thereto to interfere with a laser beam 
reflected by a fixed mirror. 

[0070] Then, in the subsequent processes, the wafer 
stages 4a and 4b are moved clockwise in the reverse order 
(Fig. 5D Fig. 5C Fig. 5B Fig. 5A) . Accordingly, the 
counterclockwise and clockwise rotations are alternately 
performed. The reason the counterclockwise rotation (Fig. 
5A Fig. 5B -> Fig. 5C -» Fig. 5D) is not continuously 
performed is to prevent the wire/hose units from becoming 
tangled. 

[0071] According to the present embodiment, the number of 
x- interferometers can be reduced compared with the first and 
second embodiments, and only four x- interferometers are 
required. 
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Fourth Embodiment 

[0072] Figs. 6A to 6D are plan views showing a fourth 

embodiment of the present invention. 
5 [0073] Reflection mirrors are fixed on three sides of 

each of the wafer stages 4a and 4b , and laser beams are 
y> selectively radiated on the reflection mirrors. The laser 
S beams reflected by the reflection mirrors and reference 
O beams are caused to interfere with one another in 
1Q- interferometers, so that accurate positions of the wafer 

stages 4a and 4b in the xy plane can be obtained. The 
Y?i length of x-reflection mirror 55xra fixed on the wafer stage 
K 4a is longer than the length of the wafer stage 4b in the y 
B direction. In the fourth embodiment, y- interferometers are 

f'i jr 

15 arranged similarly to the first embodiment. With respect to 

the x-interf erometers , an x- interferometer 40xa for the 
position measurement in the projection optical system 5, an 
x-interf erometer 40xb for the position measurement in the 
alignment optical system 1, and an x-interf erometer 40xc for 

20 the position measurement in the middle area are provided. 

Accordingly, three x-interf erometers in total are arranged. 
In the fourth embodiment, the x-reflection mirror 55xra of 
the wafer stage 4a is longer than the distance between the 
x-interf erometers 40xa and 40xb disposed at both ends, and 

25 the distance between the x-interf erometers 40xa and 40xb is 
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longer than the length of the x-ref lection mirror 45xrb. 
Therefore, even when the positions of the wafer stages 4a 
and 4b are switched (even when the wafer stages 4a and 4b 
are aligned in the x direction), the x-ref lection mirror 
55xra is able to receive the laser beam for the position 
measurement of the wafer stage 4a (stage 4a in Figs. 6B and 
6C) . 

U [0074] The operations of position measurement and 

processing will be described below with reference to Figs. 



O 



ltF 6A to 6D. Since the position measurement in the y direction 

W 

» is similar to that in the first embodiment, explanations 



thereof are omitted. 
If! [0075] In Fig. 6A, the position of the wafer stage 4a in 

fy the x direction is measured by the x- interferometer 40xa by 
15 causing a laser beam radiated on and reflected by the x- 

reflection mirror 55xra in a direction approximately 
perpendicular thereto to interfere with a laser beam 
reflected by a fixed mirror. 

[0076] In addition, the position of the wafer stage 4b in 
20 the x direction is measured by the x- interferometer 40xb by 

causing a laser beam radiated on and reflected by the x- 
ref lection mirror 45xrb in a direction approximately 
perpendicular thereto to interfere with a laser beam 
reflected by a fixed mirror. 
25 [0077] Then, as shown in Fig. 6B, while the wafer stages 
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4a and 4b rotate counterclockwise (the wafer stage 4b moves 
toward the upper right and the wafer stage 4a moves toward 
the lower left), the position of the wafer stage 4a in the x 
direction is continuously measured by the x- interferometer 
40xa. In addition, the x- interferometer that measures the 
position of the wafer stage 4b in the x direction is changed 
from the x- interferometer 40xb to the x-interf erometer 40xc. 
[0078] Then, as shown in Fig. 6C, while the wafer stages 
4a and 4b further rotate counterclockwise (the wafer stage 
4a moves downward and the wafer stage 4b moves upward) , the 
position of the wafer stage 4b in the x direction is 
continuously measured by the x-interf erometer 40xc. The x- 
interf erometer that measures the position of the wafer stage 
4a in the x direction is changed from the x-interf erometer 
40xa to the x-interf erometer 40xb. 

[0079] Then, in the state shown in Fig. 6D, the x- 
interf erometer that measures the position of the wafer stage 
4b in the x direction is changed from the x-interf erometer 
40xc to the x-interf erometer 40xa. The wafer 2b placed on 
the wafer stage 4b is subjected to the exposure process in 
the projection optical system 5. At the same time, the 
wafer 2a, which is placed on the wafer stage 4a and which 
has already undergone the exposure process, is taken out by 
the hand 60, and a new wafer is supplied to the wafer stage 
4a. Then, the position of the pattern of the new wafer is 
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measured in the alignment optical system 1. The position of 
the wafer stage 4a in the x direction is measured by the x- 
interf erometer 40xb by causing a laser beam radiated on and 
reflected by the x-reflection mirror 55xra in a direction 
approximately perpendicular thereto to interfere with a 
laser beam reflected by a fixed mirror. When the position 
of the pattern is measured, the y- interferometers that 
measure the position in the y direction and rotation 6 of 
the wafer stage 4a are changed to the y- interferometers 40yb 
and 42yb, which cause laser beams radiated on and reflected 
by the y-reflection mirror 45yda in a direction 
approximately perpendicular thereto to interfere with a 
laser beam reflected by a fixed mirror. 

[0080] Then, in the subsequent processes, the wafer 
stages 4a and 4b are moved clockwise in the reverse order 
(Fig. 6D Fig. 6C -* Fig. 6B -» Fig. 6A) . Accordingly, the 
counterclockwise and clockwise rotations are alternately 
performed. The reason the counterclockwise rotation (Fig. 
6A -» Fig. 6B -» Fig. 6C -» Fig. 6D) is not continuously 
performed is to prevent the wire/hose units from becoming 
tangled. 

[0081] According to the present embodiment, the number of 
the x- interferometers can be further reduced, and only three 
x- interferometers are required. 
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Embodiment of Semiconductor Production System 
[0082] Next, a production system for producing a 
semiconductor device (e.g., a semiconductor chip such as an 
IC and LSI, a liquid crystal panel, a CCD, a thin-film 
5 magnetic head, a micromachine , etc.) will be explained below. 

This production system includes the substrate processing 
jU device according to the present invention which serves as an 
H exposure device. In this production system, maintenance 
Q services including troubleshooting, periodic maintenance, 
lS* software distribution, etc., for manufacturing apparatuses 
installed in a semiconductor manufacturing factory are 

? 

ifi provided via a computer network external to the 
% manufacturing factory. 

5 s ! [0083] Fig. 7 is a schematic diagram of the overall 

15 system as seen from a certain point of view. In Fig. 7, 

reference numeral 1101 denotes an office of a vendor 
(apparatus manufacturer) who provides manufacturing 
apparatuses of a semiconductor device. The manufacturing 
apparatuses are assumed to be semiconductor manufacturing 
20 apparatuses used for various kinds of processes in 

semiconductor manufacturing factories, for example, the 
manufacturing apparatuses may be apparatuses used in front - 
end processes (e.g., a lithography apparatus such as an 
exposure apparatus, a resist processing apparatus, an 
25 etching apparatus, etc., a heat treatment apparatus, a film 
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forming apparatus, a planarization apparatus, etc.) and 
apparatuses used in back-end processes (e.g., an assembly 
apparatus, a testing apparatus, etc.). The office 1101 
includes a host management system 1108 which provides a 
maintenance database for the manufacturing apparatuses, a 
plurality of operation terminal computers 1110, and a local 
area network (LAN) 1109 which constructs an intranet by 
connecting the host management system 1108 and the terminal 
computers 1110. The host management system 1108 includes a 
gateway for connecting the LAN 1109 to the Internet 1105, 
which is a network external to the office, and a security 
function for restricting access from the outside. 
[0084] Reference numerals 1102 to 1104 denote factories 
of semiconductor manufacturers who use the manufacturing 
apparatuses. The factories 1102 to 1104 may belong to 
different manufacturers or to a single manufacturer (for 
example, a factory for front -end processes, a factory for 
back-end processes, etc.). Each of the factories 1102 to 
1104 includes a plurality of manufacturing apparatuses 1106, 
a local area network (LAN) 1111 which constructs an intranet 
by connecting the manufacturing apparatuses 1106, and a host 
management system 1107 which serves as a monitoring 
apparatus for monitoring the operations of the manufacturing 
apparatuses 1106. The host management system 1107 installed 
in each of the factories 1102 to 1104 includes a gateway for 
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connecting the LAN 1111 to the Internet 1105 which is the 
network external to the factory. Accordingly, the LAN 1111 
of each factory is able to access the host management system 
1108 of the vendor 1101 via the Internet 1105. The access 
to the host management system 1108 is restricted only to the 
authorized users by the security function of the host 
management system 1108. More specifically, the factories 
1102 to 1104 are able to send information regarding the 
operational state of each manufacturing apparatus 1106 (for 
example, symptoms of trouble that has occurred in the 
manufacturing apparatus) to the vendor 1101 via the Internet 
1105. In addition, the factories 1102 to 1104 are able to 



y receive a response to the information (for example, 

in 

O information regarding the method for troubleshooting. 



15 software and data for troubleshooting, etc.) as well as the 

latest software, maintenance information such as help 
information, etc., from the vendor 1101. A typical 
communication protocol (TCP/IP) used in the Internet may be 
used for the data communication between the factories 1102 

20 to 1104 and the vendor 1101. Instead of the Internet, a 

private line network (e.g., an ISDN and the like), which 
cannot be accessed by a third party and which, therefore, 
has a higher degree of security, may also be used as the 
external network. The host management system is not 

25 necessarily provided by the vendor. Alternatively, the user 
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may construct a database on the external network and allow a 
plurality of factories that belong to the user to access the 
database. 

[0085] Fig. 8 is a schematic diagram of the semiconductor 
5 production system as seen from another point of view. In 

Fig. 7, a plurality of factories, each of which has 
manufacturing apparatuses, are connected to the host 
Q management system of the vendor who supplies the 

O manufacturing apparatuses via the external network. 

\& 

1Q:: Accordingly, information regarding production management of 
each factory and/or information regarding at least one 
D manufacturing apparatus are transmitted via the external 
K network. In contrast, in Fig. 8, a factory having a 
|1 plurality of manufacturing apparatuses provided by different 

15 vendors and the venders of the manufacturing apparatuses are 

connected via the external network, so that maintenance 
information for each of the manufacturing apparatuses can be 
transmitted. In Fig. 8, reference numeral 1201 denotes the 
manufacturing factory of a user (e.g., a semiconductor 

20 device manufacturer) in which manufacturing apparatuses for 

various processes (for example, exposure apparatuses 1202, a 
resist processing apparatus 1203, and a film forming 
apparatus 1204) are arranged in a manufacturing line. 
Although only one manufacturing factory 1201 is shown in Fig. 

25 8, a plurality of factories are similarly connected to the 
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network in actuality. A LAN 1206 constructs an intranet by 
connecting the manufacturing apparatuses, and the operation 
of the manufacturing line is controlled by a host management 
system 1205. 

[0086] The offices of the vendors (e.g., apparatus 
manufacturers) such as an exposure apparatus manufacturer 
1210, a resist processing apparatus manufacturer 1220, and a 
Q film forming apparatus manufacturer 1230 include host 
p management systems 1211, 1221, and 1231, each of which 
1% performs remote maintenance of the manufacturing apparatus 
J supplied from the corresponding vendor. As described above, 

W each of the host management systems 1211, 1221, and 1231 

f|! includes a maintenance database and a gateway to the 

w 

Rj external network. The host management system 1205 
15 controlling the manufacturing apparatuses in the factory of 

the user is connected to the host management systems 1211, 
1221, and 1231 of the venders of the manufacturing 
apparatuses via an external network 1200, which may be the 
Internet or a private line network. In this system, when 
20 trouble occurs in one of the manufacturing apparatuses in 

the manufacturing line, the operation of the entire 
manufacturing line stops. However, remote maintenance of 
the manufacturing apparatus can be quickly performed by the 
corresponding vendor via the Internet 1200, so that a time 
25 interval in which the operation of the manufacturing line is 
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stopped can be minimized. 

[0087] Each manufacturing apparatus installed in the 
semiconductor manufacturing factory includes a display, a 
network interface, network-accessing software stored in a 
memory, and a computer for executing software for operating 
the manufacturing apparatus. The memory may be an internal 
memory, a hard disk, a network file server, etc. The above- 
described network- accessing software includes a dedicated or 
general-purpose web browser and provides a user interface on 

sec 

10: the display. An example of the user interface is shown in 

» Fig. 9. An operator of the manufacturing apparatus in the 

w 

W factory inputs the information of the manufacturing 

o 

111 apparatus such as model (1401), serial number (1402), 

fy subject of the trouble (1403), date of occurrence (1404), 

15 degree of urgency (1405), symptom of the trouble (1406), 

remedy for the trouble (1407), progress (1408), etc. The 
information input by the user is transmitted to the 
maintenance database via the Internet, and suitable 
maintenance information is transmitted from the maintenance 

20 database and shown on the display. In addition, as shown in 

Fig. 9, the user interface provided by the web browser 
further provides hyperlinks 1410 to 1412, so that the 
operator can access more detailed information for each item, 
download the latest software for the manufacturing apparatus 

25 form a software library provided by the vender, or obtain an 
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operation guide (help inf ormation) useful as a reference for 
the operator. The maintenance information provided by the 
maintenance database includes information regarding the 
above -described substrate processing apparatus of the 
present invention, and the software library provides the 
latest software with which the present invention can be 
realized. 

[0088] Next, manufacturing processes of a semiconductor 
device using the above -described production system will be 



idF described below. Fig. 10 is a flowchart showing an overall 



flow of manufacturing processes for manufacturing the 
semiconductor device. In step 1 (circuit design), circuits 
for the semiconductor device are designed. In step 2 (mask 
preparation), a mask in which the designed circuit pattern 
15 is formed is manufactured. In step 3 (wafer preparation), a 

wafer is manufactured from, for example, silicon. Step 4 
(wafer processing) is known as a front -end process, and 
actual circuits are formed on the wafer by a lithographic 
technique using the above -described mask and wafer. Step 5 
20 (assembly) is known as a back-end process, and semiconductor 

chips are formed by using the wafer processed at Step 4 . 
Step 5 includes assembly processes (dicing and bonding), 
packaging processes (enclosing of the chips), etc. In Step 
6 (testing), various tests including operation tests, 
25 durability tests, etc., of the semiconductor device formed 
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at Step 5 are performed. Accordingly, the semiconductor 
device is completed, and is then shipped (Step 7). The 
front -end process and the back-end process are performed at 
different factories, and maintenance of the manufacturing 
5 apparatuses is performed in each factory by the above - 

described remote maintenance system. In addition, 

jU information regarding production control and apparatus 

n 

O maintenance is transmitted between the factory for the 

iJ3 

Q front -end processes and the factory for the back-end 

1@; processes via the Internet or the private line network. 

d3 

T [0089] Fig. 11 is a flowchart showing the above -described 

wafer process in detail. In Step 11 (oxidation), the 
surface of the wafer is oxidized. In Step 12 (CVD) , an 
insulating layer is formed on the surface of the wafer. In 
15 Step 13 (electrode formation), electrodes are formed on the 

wafer by vapor deposition. In Step 14 (ion implantation), 
ions are implanted in the wafer. In Step 15 (resist 
processing), a photosensitive material is applied on the 
wafer. In Step 16 (exposure), exposure of the wafer is 
20 performed by the above -described substrate processing 

apparatus, which serves as an exposure apparatus, so that 
the circuit pattern is formed on the mask. In Step 17 
(development), the exposed wafer is developed. In Step 18 
(etching), parts which are not covered by the resist are 
25 etched. In Step 19 (resist removing), the resist which is 
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not necessary after the etching is removed. By repeating 
the above -described steps, the circuit pattern having 
multiple levels is formed. Since the maintenance of the 
manufacturing apparatuses used in the above -described steps 

5 is performed by the remote maintenance system, trouble can 

be prevented. Even when trouble has occurred, 

M 5 troubleshooting can be quickly performed, so that the 

0 productivity of the semiconductor device can be increased, 
p [0090] As described above, according to the above- 

lCp described embodiments, the positions of the two substrate 

1 stages can be accurately measured by selectively radiating 
C\ laser beams. In addition, the hose/wire units can be 

m prevented from becoming tangled, and the alignment and 

5l processing can be performed in parallel at high speed, with 

15 high accuracy. Accordingly, a high-speed, high accuracy 

substrate processing apparatus can be provided. 
[0091] In addition, when a plurality of position 
measurement systems are disposed at each side of the two 
substrate stages, the number of reflection mirrors can be 

20 reduced. In addition, when, in a plurality of reflection 

surfaces by which the beams are reflected, the reflection 
surfaces used for the position measurement in the x 
direction are long enough to protrude in the y direction, 
the required number of position measurement systems can be 

25 reduced. Furthermore, when the position measurement systems 
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are disposed only at the side facing the reflection surface 
protruding form the substrate stage, the required number of 
position measurement systems can be further reduced. 
[0092] As described above, the present invention is 
suitably applied to a projection exposure apparatus. 
However, the present invention realizes a high accuracy 
positioning of, for example, two stages of which the 
positions are changed alternately, and is not exclusively 
applied to a projection exposure apparatus. 
ikr [0093] Except as otherwise discussed herein, the various 
-If components shown in outline or in block form in the Figures 
P are individually well known and their internal construction 
P and operation are not critical either to the making or using 
Q or to a description of the best mode of the invention. 
15 [0094] While the present invention has been described 

with reference to what are presently considered to be the 
preferred embodiments, it is to be understood that the 
invention is not limited to the disclosed embodiments. On 
the contrary, the invention is intended to cover various 
20 modifications and equivalent arrangements included within 

the spirit and scope of the appended claims. The scope of 
the following claims is to be accorded the broadest 
interpretation so as to encompass all such modifications and 
equivalent structures and functions . 



